Background-In hypertensive individuals, few prospective studies are available in which the association between microalbuminuria (MA) and all-cause mortality in the 2 sexes have been studied within the same population. Methods and Results-We conducted a 4.3-year follow-up of 2307 men and 3062 women (Ն20 years old) with self-reported treated hypertension, all identified in the Nord-Trøndelag Health Study (HUNT), Norway, 1995Norway, to 1997. The main outcome measures were relative risk (RR) of all-cause mortality according to increasing albuminuria, defined at different levels of albumin-to-creatinine ratio (ACR). There was a consistent positive association between increasing ACR and all-cause mortality in men. The adjusted RR for ACR in the fourth quartile (Ն1.70 mg/mmol) was 1.6 (95% CI, 1.0 to 2.6), compared with ACR in the first quartile (Ͻ0.55 mg/mmol). The corresponding RR in women was 1.5 (95% CI, 0.8 to 3.1). We found a positive association between mortality and increasing number of urine samples with ACR above different cutoff levels, especially in men. In 3 urine samples, the lowest ACR level associated with mortality in men was 0.86 mg/mmol, RR 1.6 (95% CI, 1.1 to 2.4). The sex differences persisted after exclusion of those who died during the first year of follow-up, those with hypertension not treated optimally, and those with known cardiovascular disease. Conclusions-The association between ACR and all-cause mortality was stronger in treated hypertensive men than in women. The persistent sex differences indicate that hypertensive women tolerate MA better than men and that MA in women should be interpreted differently than in men. 
T he excretion of small amounts of albumin in the urine, ie, microalbuminuria (MA), has been well documented to predict renal failure and cardiovascular (CV) morbidity and mortality in diabetic persons. [1] [2] [3] [4] [5] In hypertensive persons, the prognostic significance of MA remains controversial, because few prospective studies are available in hypertensive individuals without diabetes mellitus. 6 Several cross-sectional studies have been performed in hypertensive individuals, and the association between MA and CV risk factors has been found in some studies but not in others. [7] [8] [9] In addition, the relationship between MA and indicators of hypertensive target organ damage, such as left heart ventricular hypertrophy, 10 increased carotid intima-media thickness, 11, 12 and funduscopic changes, 9 has been found in cross-sectional studies. In follow-up studies in nondiabetic hypertensive individuals published to date, MA seems to predict an increased risk of CV morbidity and mortality, [13] [14] [15] [16] [17] but the study populations are small, with few cases, and some of the studies have included diabetic subjects. Furthermore, in some studies, only men are included. 13, 14 The aim of this study was to examine the association between MA and 4.3-year all-cause mortality in both men and women in a wide age range, without known diabetes mellitus but with treated hypertension, all selected from the large population-based Nord-Trøndelag Health Study (HUNT). We also wanted to examine the lowest ACR level and the number of positive urine samples needed to demonstrate all-cause mortality.
habits, etc, and a clinical examination. Details of the HUNT study design and MA screening have been published. 18 Briefly, those who self-reported diabetes mellitus and/or treated hypertension and a 5% randomly selected sample of the total population were included in MA screening. A total of 9598 participants delivered 3 morning urine samples for MA analysis (overall response rate, 82.3%). The present analysis is limited to the nondiabetic individuals who reported use of "antihypertensive medication now," in which 5755 subjects (89.4%) attended. Those who answered "yes" to one of the questions about urinary tract infection (UTI) in the previous week, persistent hematuria in the previous year, and menstruation at time of collection were excluded from the analysis (73 men, 139 women), as were 37 individuals with glucose Ն11.1 mmol/L and 134 individuals with macroalbuminuria (ACR Ն30 mg/mmol), leaving 2307 men and 3062 women to be included in the analyses.
Clinical Examination
The clinical examination included measurement of height, weight, blood pressure, and resting pulse rate. Height was measured without shoes to the nearest centimeter, and weight was measured to the nearest half-kilogram with the subject wearing light clothing without shoes. Three consecutive standardized blood pressure measurements were recorded at 1-minute interval. The measurements were performed in the sitting position, after a minimum of 2 minutes of rest, by an automatic oscillometric method (Dinamap 845XT; Criticon).
Urine Sampling
The participants included in MA screening received a unit with 3 plastic receptacles for 3 first morning urine samples and 3 transport tubes and 1 envelope for return by mail back to the laboratory. Written instructions were included, describing how to collect urine, information about the MA screening, and a questionnaire about UTI in the previous week, persistent hematuria in the last year, and menstruation at time of collection.
Blood Sampling: Laboratory Procedures
Blood sampling was performed whenever subjects attended (ie, in the nonfasting state). Fresh serum and urine samples were analyzed at the Central Laboratory at Levanger Hospital on a Hitachi 91 Autoanalyzer. Details of the laboratory methods have been published elsewhere. 19 Urine albumin and creatinine were measured by an immunoturbidimetric method (anti-human serum albumin, Dako Norway) and the Jaffé method, respectively. 9, 20 The albumin-to-creatinine ratio (ACR) was used as an expression for urine albumin excretion. 9
Follow-Up and End Points
The unique 11-digit identification number of every Norwegian citizen enabled individual linkage between the collected information and the Death Registry at Statistics Norway to determine vital status (alive, emigrated, dead). Each participant contributed person-years from the date of study entry (date of clinical examination) until the date of death or the end of follow-up of December 31, 2000. Median and mean follow-up times were 4.3 years.
Statistical Analysis
Body mass index was calculated in kilograms per meter squared. Systolic (SBP) and diastolic (DBP) blood pressures were calculated as the mean of the second and third of 3 measurements. Pack-years was defined as the product of number of cigarettes smoked daily and the number of years with daily smoking divided by 20. ACR was calculated as mean of 3 ACRs. Unpaired t tests or 2 statistics were used to examine for baseline differences between 2 means or proportions.
The Cox proportional hazards model 21 was used to calculate ageand multivariate-adjusted risk ratios (RRs) with 95% confidence interval (CI) for all-cause mortality according to increasing albuminuria, defined at different ACR levels expressed in quartiles and in 1, 2, or 3 urine samples above the different levels. A 2-sided test for trend across ACR categories was calculated by treating the categories as ordinal variables in the proportional hazards model. The individual number of person-years was included as the dependent variable. We evaluated potentially confounding factors in a multivariate analysis, including history of CVD, cancer, and long-term illness (yes/no); years of education (primary and lower secondary school [Ͻ10 years], upper secondary school [10 to 12 years], and college or university [Ͼ12 years]); pack-years (0, 1 to 10, Ͼ10); and continuous variables as duration of hypertensive treatment, body mass index, creatinine, triglycerides, cholesterol/HDL ratio, glucose, SBP, and DBP. Adjustment for age was obtained by using 5-year categories (Ն55 years). The age groups Ͻ55 years were analyzed combined. Variables that significantly predicted the point estimate in bivariate analyses were included and adjusted for in forward and backward multiple analyses. Variables that did not change the point estimates (Ͼ20%) in the multivariate model were excluded from the fully adjusted model.
We ran the main analyses with the sexes combined. Men and women differ with regard to atherosclerotic risk factors and CVD, also associated with MA. 22 We provided the interaction analyses sexϫACR and sexϫage, in which the interaction sexϫACR was statistically significant in several of the analyses. Analyzing men and women combined revealed the interaction sexϫACR to be highly significant (Pϭ0.003) (see Table 2 ). We therefore chose to stratify by sex in the main analyses. To reduce further confounding with underlying disease, we also performed analyses by excluding individuals with known CVD, those who died during the first year of follow-up, and those with SBP Ն160 mm Hg and/or DBP Ն90 mm Hg. All statistical analyses were performed using the software SPSS, version 11.0.
Consent
Attendance was voluntary, and each participant signed a written consent. All surveys were approved by the Norwegian Data Inspectorate and by the Regional Committee for Ethics in Medical Research. The Ministry of Health accepted linkage to mortality statistics.
Results
During 23 153 person-years of follow-up, 256 men and 237 women died. Table 1 shows the baseline characteristics of men and women with ACR in the fourth quartile (men Ն1.70, women Ն1.48 mg/mmol) compared with those with ACR level in the 3 lower quartiles. Those with ACR level in the fourth quartile were older and had higher mean SBP, DBP, and creatinine values than those with lower ACR. They also had a higher mean duration of treated hypertension. Women had a more favorable lipid risk profile, with higher mean HDL cholesterol, than men. The prevalence of CVD and cancer and the proportion of daily smokers were higher in both sexes with ACR in the fourth quartile compared with those below (Table 1) . Although this was a treated hypertensive sample, Ϸ50% had elevated BP (SBP Ն160 mm Hg/ DBP Ն90 mm Hg). Table 2 shows the results of age-and multivariate-adjusted analyses at different ACR levels expressed in quartiles for men and women separately. We found a positive association between increasing ACR and all-cause mortality in men, in which the test for trend across levels of ACR was statistically significant. In men, ACR in the fourth quartile (Ն1.70 mg/mmol) was associated with increased RR of all-cause mortality, 1.6 (95% CI, 1.0 to 2.6), compared with ACR in the first quartile (Ͻ0.55 mg/mmol). In women, the corresponding result was RR 1.5 (95% CI, 0.8 to 3.1). Table 3 shows the results of age-and multivariate-adjusted analyses with 1, 2, or 3 of 3 ACRs above different levels. There was a positive association between all-cause mortality and increasing number of urine samples with ACR above the different cutoff levels in men. In 3 urine samples, the lowest ACR level associated with mortality in men was 0.86 mg/mmol (the cutoff level between the first and second quartiles), RR 1.6 (95% CI, 1.1 to 2.4). The corresponding result in women was RR 1.3 (95% CI, 0.8 to 2.3). The associations between all-cause mortality and 1 or 2 ACRs above the different levels were not statistically significant.
In separate analyses, we excluded those with hypertension not treated optimally (SBP Ն160 mm Hg and/or DBP Ն90 mm Hg), those with known CVD, and those who died during the first year of follow-up, thereby reducing the effects Pϭ0.284* aRR indicates RR adjusted for age; mRR, multivariate RR adjusted for age, history of cardiovascular diseases, cancer, creatinine, body mass index, smoking (pack-years), SBP, glucose, cholesterol/HDL ratio, duration of antihypertensive treatment, and years of education. Long-term illness, triglycerides, and DBP were adjusted for but did not change the point estimates and are excluded from the model. *P for trend.
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of preterminal or serious disease at baseline. In men, there was still a positive association between mortality and 3 ACRs above the different cutoff levels. P for trend across number of urine samples was statistically significant in men but not in women (Table 4 ). Blood sampling was performed in the nonfasting state, and some undetected diabetic subjects might have been included. We repeated the analyses without individuals who had glucose values Ͼ7.0 and Ͻ11.0 mmol/L after 5 hours or more (nϭ24) since eating/drinking. The main results did not change.
Discussion
This study demonstrated a positive association between all-cause mortality and MA, expressed as ACR, in hypertensive men. Although this was a treated hypertensive sample, Ϸ50% had SBP Ն160 mm Hg and/or DBP Ն90 mm Hg, indicating that it was not an optimally treated population.
When we compared ACR in the fourth quartile with the first quartile, men had a 60% higher risk of death. The association in women was weaker, and in contrast to men, there was no positive association with increasing number of urine samples with ACR above the different cutoff levels. The sex differences persisted after adjustment for several confounders and exclusion of individuals with SBP Ն160 mm Hg, DBP Ն90 mm Hg, known CVD, and those who died during the first year of follow-up. This is one of the largest follow-up studies of the association between MA and mortality in hypertensive men and women Ն20 years old. The population-based approach and the high attendance rate make selection bias unlikely. The response rate was especially high in the hypertensive persons who were screened for MA. Approximately 90% handed in all 3 urine samples. 18 Another strength of this study was that MA analyses were performed in fresh urine samples without long-term storage, in contrast to other studies. 17 Several studies conclude that measuring ACR is a specific and Pϭ0.460* aRR indicates RR adjusted for age; mRR, multivariate RR adjusted for age, history of cardiovascular diseases, cancer, creatinine, body mass index, smoking (pack-years), SBP, glucose, cholesterol/HDL ratio, duration of antihypertensive treatment, and years of education. Long-term illness, triglycerides, and DBP were adjusted for but did not change the point estimates and are excluded from the model. *P for trend.
sensitive alternative to 24-hour urine collection in populationbased MA screenings. 20, 23, 24 We chose to analyze on all-cause mortality, because data on vital status were complete and data on CV mortality were not yet obtainable. In addition, in Norway, the main cause of death is CV events. 25 One of the limitations of the study is the selection of treated hypertensive subjects. This might reduce the generalizability. However, several of the participants in this sample were not treated optimally, and they would probably be more similar to untreated than treated hypertensive individuals.
Comparison of follow-up studies of hypertensive individuals with MA are difficult because of the different selection criteria and end points, different methods of urine collection, and number of urine samples used to define MA. In untreated hypertensive persons, women are included in 3 follow-up studies. [15] [16] [17] In 2 of these, MA, defined as 30 to 300 mg over a 24-hour period and ACR Ն90th percentile (1.07 mg/mmol) in 1 morning spot urine predicted the development of ischemic heart disease after 7 15 and 10 years, 17 respectively. In the third study, the RR of all-cause mortality in the nondiabetic hypertensive subgroup was not significantly associated with MA, defined as ACR Ͼ2.0 mg/mmol in 1 morning spot urine. 16 In prospective studies in treated hypertensive persons, only men are included, and Agewall et al 14 found that only macroalbuminuria predicted total and CV death, not MA, defined as 21 to 200 g/min in 1 overnight urine sample. Also, in our study, 1 urine sample with ACR above a chosen cutoff level did not predict increased mortality.
Sex Differences
To the best of our knowledge, this is the first study demonstrating a stronger association between MA and total mortality in hypertensive men than in women, and we have reviewed several potential explanations behind this finding. Pϭ0.779* mRR indicates multivariate RR adjusted for age, cancer, DBP, creatinine, smoking (pack-years), glucose, and body mass index. Duration of antihypertensive treatment, long-term illness, years of education, SBP, cholesterol/HDL ratio, and triglycerides were adjusted for but did not change the point estimates and are excluded from the model. *P for trend.
The RR values of 1.6 (1.0 to 2.6) in men and 1.5 (0.8 to 3.1) in women (Table 2) are rather similar and might be caused by chance. However, the interaction sexϫACR was statistically significant (Pϭ0.003) and supports a sex difference. Lack of statistical power seems unlikely to explain the sex differences, because more women than men and almost equal numbers of cases were included in the analysis (Tables 3 and  4) . Better-treated BP levels could not explain the differences either, because mean SBP and proportion with SBP Ն160 mm Hg were higher in women than in men. However, women generally have white-coat hypertension more often than men, 26, 27 and this could weaken the MA-mortality association. Compared with men, the lipid profile in women was more favorable with higher mean HDL level and a lower proportion had known CVD, indicating that women had a generally lower CV risk at baseline than men. Women might have had more asymptomatic UTI than men, 28 leading to a misclassification in which MA does not reflect increased CV risk/disease. Those who reported UTI were excluded from the analyses, but we were not able to adjust for asymptomatic UTI. Theoretically, women could have died of causes other than CVD, and the follow-up time could have been too short to detect CV death in women. However, in this elderly hypertensive population, the risk of CV death is higher than in the general population in both men and women. Men and women might need different ACR cutoff levels for risk prediction, because men have greater muscle mass and thus higher creatinine excretion than women, although the albumin excretion levels are equal. Applying higher cutoff levels in women, we found a positive association between mortality and 3 ACRs, but not until ACR Ն95th percentile (4.70 mg/mmol), RR 2.8 (95% CI, 1.2 to 6.5), also with a significant trend across number of urine samples (data not shown). Whatever the explanation, the persistent sex differences in this study indicate that hypertensive women tolerate MA identified in a screening better than men and that MA in women should be interpreted differently than in men. Generally, women tolerate CV risk factors better than men do, and our data indicate that this includes MA.
Levels of Association
In hypertensive individuals, there are no established clinical cutoff levels of urine albumin excretion. In the study from Denmark, 17 ACR level above the 90th percentile (1.07 mg/mmol) significantly predicted ischemic heart disease after 10 years of follow-up. In our study, men showed a statistically significant increase in RR at ACR levels as low as 0.86 mg/mmol, with use of 3 urine samples. This level of association, however, should not be misinterpreted as a clinical cutoff level at which therapeutic interventions should be initiated. Thus far, we have no clinical trials demonstrating treatment effect on morbidity and mortality at such low ACR levels.
Number of Urine Samples
Until now, no other study has compared 1, 2, or 3 urine samples with elevated ACR and the prediction of all-cause mortality. One or 2 urine samples with elevated ACR might simply reflect the biological variation with intermittent albuminuria, whereas elevated ACR in 3 urine samples reflects persistent albuminuria and more likely explains a constant CV risk/disease. Three urine samples were superior in predicting all-cause mortality in the present study.
Conclusions
This large prospective study on the relationship between MA and mortality in hypertensive individuals indicates sex differences in the association between all-cause mortality and MA, a stronger association in men than in women. Women seemed to tolerate MA better than men. Thus far, we do not know whether MA in treated hypertensive individuals indicates that a more aggressive treatment of risk factors should be initiated. Before clinical cutoff levels are established, intervention trials are necessary.
